Zycherman 1992), also known as "Chinese Purple", was the main constituent of the purple pigment used in the paint covering the warriors constitutes an enigma in itself.
Introduction:
In March 1974, Chinese farmers made a remarkable archaeological find: during the sinking of wells for farmland irrigation construction near Xi'an (Shaanxi province, China) they discovered an army consisting of more than 8000 life-size terracotta figures of warriors and horses dating from the First Emperor of the Qin dynasty, Shi Huang Di (reigned ca 221 BC -ca 210 BC). The figures, facing east and ready for battle, were individually modelled with their own personal characteristics, and were accompanied by their weapons, real chariots, and objects of jade and bone. How, more than 2000 years ago, the ancient Chinese constructed these large and heavy statues and what technologies they used to finish such a large project are questions which are still only partially answered by modern archaeologists.
The discovery that BaCuSi 2 O 6 (FitzHugh and Zycherman 1983, FitzHugh and Zycherman 1992), also known as "Chinese Purple", was the main constituent of the purple pigment used in the paint covering the warriors constitutes an enigma in itself.
This pigment was also used later in the Han dynasty in pottery (hence its other common name of "Han Purple") and for trading. BaCuSi 2 O 6 is a mineral that has never been found in nature, which implies that the makers of the warriors must have been able to synthesize it. The process to synthesize BaCuSi 2 O 6 is now known to be highly complex ). An additional problem with the Egyptian-Chinese connection theory is that, to our knowledge, no Ca-bearing Egyptian Blue has been found in China.
In order to address these questions, we re-examined the chemistry and the morphology of purple pigments found on one of the Qin Terracotta warriors ( fig. 1 ). By combining our findings of the technology used in the synthesis of Chinese Purple with existing archaeological evidence, we conclude that Taoist alchemists invented this pigment as well as the related pigment Chinese Blue independently from any Egyptian influence.
Experimental Methods:
Our investigation was based on a two pronged approach. We used a small fraction of our specimen, ground it into fine powder and used synchrotron radiation high-resolution powder x-ray diffraction (XRD) analysis to identify the crystallographic phases present. Then based on this inventory, we used spatially resolved x-ray and electron micro-beam techniques, such as micro X-ray diffraction (µXRD), micro X-ray fluorescence (µXRF) and Scanning Electron Microscopy (SEM) based Energy Dispersive X-ray (EDX) microanalysis, to study the chemistry of individual pigment clumps and map the distribution of these and other minority phases in the pigment.
These chemical and phase maps gave us an insight into how the pigment was synthesized.
Synchrotron radiation is 8-12 orders of magnitude more brilliant than the high performance rotating anode x-ray tubes (Eisenberger 1986). The X-ray beams at current third generation synchrotron radiation sources can be focused to a one micrometer size spot and still maintain high photon fluxes (>10 10 ph/s/µm 2 ) to obtain diffraction patterns with exposure times of only a few seconds. At a micro-focus beamline, we are, therefore, able to investigate a single object's microstructure rapidly at multiple locations. (see the supplementary data), were found in the purple pigment samples. The powder XRD pattern shows that these samples also contain quartz and cinnabar as impurities.
Cinnabar, HgS, is used as a red pigment on the terracotta warriors. We believe that most of the quartz in the powdered sample is from the soil or from terracotta substrates.
These findings are consistent with the Berke's study on the similar sample using Raman samples studied here. This may be due to the fact that these lead compounds are in the amorphous form or that the stoichiometry of the reactants was carefully controlled so that only trace amounts of these materials remained after the initial synthesis.
We did find a pool of the lead compounds at the centre of the pigment clump using EDX microanalysis and µXRF and found them to be the most significant minority phases associated with the pigment. Trace amounts of iron, nickel and calcium were also detected. We show the SEM image and the EDX and µXRF lead maps of one of the pigment clumps in Fig. 3a -c, respectively. The lead compounds are concentrated in the centre and along the right edge of the pigment clump (bright area in fig.3 -b and the light green and yellow areas in fig. 3-c) . A phase and crystal orientation map ( fig.3-d forms "appealing" crystals, so the Chinese, as careful observers and curious chemists, would no doubt have found and experimented with it. In this process of imitating jade, they discovered the recipe of the barium containing glass. Then, the copper minerals, Malachite (Cu 2 (CO 3 )(OH) 2 ) or Azurite (Cu 3 (CO 3 ) 2 (OH) 2 ), could be added later to obtain different jade colours. We believe that this experimentation led to the eventual discovery of Chinese Purple.
As for the lead compounds, the Chinese alchemists learned how to produce the red Pb 3 O 4 and white 2PbCO 3 ·Pb(OH) 2 lead oxides at a very early stage. The earliest record of the recipe was in "Ji Ni Zi", a book attributed to Fan Li of the -5 th century (Needham 1976 ). Both red Pb 3 O 4 and white 2PbCO 3 ·Pb(OH) 2 lead oxides were used in the red pigment and white pigment respectively on the terracotta warriors (Li 1983).
Most importantly, the lead compounds were also used routinely in Chinese Bronze 
Conclusion:
In summary, we argue that Chinese Purple was invented by Taoist alchemists as a by-product of the technology originally developed for synthesizing barium-containing Chinese glasses, which, in turn, were originally developed for the purpose of imitating jade. The barium compounds were added to increase the refractive index of the glass, thus giving the glass a similar appearance as jade. The development of this process also benefited from two well-developed technologies in ancient china: the earlier Bronze making (adding lead compounds to reduce the melting temperature) and pottery making (advanced pottery kilns) technologies.
As shown in this study, the evolution of the Chinese Purple was influenced by its Taoist 
The change in burial custom after Han dynasty:
This philosophical change was also affected other social customs around the same time, such as the burial custom. Many jade items, including the synthesized jade/glass, were found in the tombs of the Han dynasty or before. Some of them were for decoration; some of them were definitely for the purpose of preserving the body and the spirit of the owners, as believed by Taoism, such as the jade mouth and nose plugs. The most spectacular example was the discovery of "Jin Lu Yu Yi" (1) . The exalted and privileged dead were attired in suits of jade plaques sewn together with gold, silver or silk threads. But none was found in the tombs after the Han dynasty (2). 
